Figure 1. Left: Estimated brightness of zodiacal light from 1AU (astronomical unit) to 10AU (cyan curves) based on Pioneer 10 and 11 measurements out to 3AU, with shaded areas indicating the uncertainty in the extrapolation. Diffuse galactic light (DGL, green curve) arises from starlight scattered by interstellar dust and emission from the interstellar medium. The large reduction in zodiacal brightness enables a precise measurement of the extragalactic background light (EBL, a model is indicated by the red curve) and a deep search for photons from
stops to reduce stray light, and include a filter-wheel dark position for monitoring the detector dark current. We have developed a simple lightweight passive cooling scheme to cool the optics and detectors to <50K. ZEBRA uses two commercial 2 2k Hawaii-2RG IR detector arrays. Observations from the outer solar system provide an excellent opportunity to measure the structure, extent, and composition of the IPD cloud (see Figure 3) . Our solar system serves as a case study for understanding exo-zodiacal light levels, for future exo-planet searches. 6 Cruise-phase observations can measure the radial distribution of the IPD cloud, and map resonant enhancements and band structures from the influence of planetary bodies. The 3D maps provide the opportunity to study the compositional distribution of dust and determine whether it arises from comets, 7 asteroids, 8 or both, from the inner to the outer solar system. Finally, and most excitingly, we can for the first time observe the distribution of dust in the outer solar system, to detect and map dust originating from the Kuiper Belt, a stretch of small bodies beyond the orbit of Neptune, including Pluto, Eris, and Haumea.
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Outer dust clouds like the Kuiper Belt are common around other stars, but ours has been difficult to discern due to the bright zodiacal light from dust in the inner solar system. Understanding the link between the inner and outer dust clouds is crucial to estimating the amount of dust in the inner reaches of other planetary systems where we plan, someday, to make direct imaging searches for Earth-like planets. Too much IPD in a distant planetary system can obscure individual planets. Information from ZEBRA could help us to interpret measurements of the cold Kuiper Belts made with the Spitzer and Herschel telescopes to estimate the amount of dust in the inner habitable zones of these systems, where dust levels are much harder to measure directly.
Observations from outside the IPD cloud enable definitive measurements of the intensity, spectrum, and spatial properties of the EBL. The background measures the integrated light produced by galaxies, and contains a component from the first generation of stars thought to have formed within 500 million years of the Big Bang 9 (see Figure 4 ). These stars, formed out of primordial gas gravitationally collected in dark matter halos, produced the first UV photons that reionized the intergalactic medium. Information encoded in the EBL is one of the few experimental measures of the epoch of reionization, and can probe the energetics and formation history of first sources beyond what is possible with planned deep galaxy surveys, 21cm mapping, or cosmic microwave background polarization studies. Measurements from the outer solar system can measure not only the brightness of the EBL with high accuracy but also spectrum and spatial properties, to characterize the process of first star formation during reionization.
In addition to pursuing ZEBRA as a low-cost add-on to an outer planets mission, we are currently studying a partnership with a space demonstration of new propulsion technology.
